Examples on Lagrange's Equations, for n-degree of 
freedom systems: 
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These equations represent a system of ^-differential equations, one corresponding to 
each of the n generalized coordinates. 



Qj : generalized displacement for the j th -mass 
<2j : generalized velocity for the j th -mass 

Qj : Force applied to the j th -mass 

T : Kinetic energy of the system 
V : Potential energy of the system 

R : Rayleigh's dissipation function 

L : Lagrangian L = T—V 



To understand this method study the following examples carefully 
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Generalized coordinates: x t( x !s X S J 
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Lagrange's. equa-tEons yield ike equations of motion: 

I&L X! + 7 k x A - fc x 2 - 5 k Xg ^ P^t) 
ni 8 x 2 — k xi + 3 k x 2 — k x 3 >= F 2 (t) 
ms x 3 — 6 k xi — k Xi + 7 k x a = F a (i;) 




6.45) GeneraJiied coordinates: d, x 1( x 2 : 
wbwe J - j[2m) = |- m 

V - i (2k) ( Xl - £ *) s + j k (x, -xj 1 + | (3k) 



ail 3ii 



89 





3/ 


V//A 


4 


4 








B 3 * 




Rigid bar, mass = 2m 
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Lagrange's equations. Eqs. (6.118), yield the equations of motion as: 
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Application of Lagrange 1 s equations gives the equations of motion 331 
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Application of Lagranfe'a equations give the equations of motion 
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Number of teeth on gear G L = n i {i= 1 to 6) 
Mass moment of inertia of gear G- = J L (t = 1 to 6) 
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[ 6 d J 



T=|I S tf + I 



a? 
n 3 



1* +I E — 





' 1 

4 — fl s — - 







3T 



Qi = coo, u fc 
3T 



= h J 



dt 
_d_ 



■i'X 



as 3 



i4+u -4 

H-5 



**** 



>4 



P 3 i 

ae 4 



ST 



I 2 + 1 3 -5- 
*3 



q . d 

' 3 ! dt 



39 d 



Education, Inc., Upper Saddle Rrirer, HJ 07368. ■ 



dv 



$3 ~~ — ~~ 
n 3 



P4 — #3 



P_4 
Hi 



Equations of motion, (from Lagrange's equations) : 
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Using Lagrange's method, derive the equations 
motion for the following systems: 
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Rod of 
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moment of 
inertia I 



G) For the car model: 



m s = 300 kg 
— 1.7 m — 



1=225 kg m' 
1.3 m 



12,000 N/m > II 1200 N- s/m 
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12,000 N/m > LJ 1200 N ■ s/m 



100,000 N/m > U 10,000 N ■ s/m 



100,000 N/m 



z(t)=y(t-L/v) 




10,000 N s/m 



Where 



kinetic energy of the car at an arbitrary instant is 

1 1 * 1 1 

T = — m x 2 H / 2 H m. xi H at? 

2 , l 2 2 < 2 2 a 5 

The potential energy of the car at an arbitrary instant is 
V= l -k[x- ( Xl + a6)f + \k{x- [x - (L - a)6}¥ + l -k,{y ~ x 2 f + \k t {z-x£ 



And the Rayleigh's dissipation function R is given as: 
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